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'Phrstst section .(in the absence sE a huh)--re€erence 

Thickness of t h e  bfowing slat of t h e  s h ~ o u d  
Ctarvdlinear abscissa rctratfve to the internaA wall 

ernrraccr . 

a f  the shroud rneas-umd from the entmrtce plane .of 
%he callector 

0.693 Dp 
Angle of inc idence  of the propeller prof i l e  at 

Relative p i t c h  of ehe propeller at O , ?  D 

A i r  mass par u n i t  volume 
Klnemn'tfe v i s c o s i t y  
Node o f  operation of t h e  prupeller in rps 
P r o p l s ~ l e r  e f f h i e n c y  
Chard  of p e r i p h e r a l  b~a i i e s  
Peripheral Reynolds number: Rp z! BnPQLp 
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Geometric dif€usicn--jct section i n f i n i t e l y  down- 7 

$ ! / S I  Relat ive e x i t  s ~ G ? ~ + . x I  cf the d i f f u s e r  
~ o t a f  e f f i c i e n c y :  ~ ‘ 1  r ’ C- ’ 1 ;  1 “e 

v :%:F b l o w e r  p r e s s u r e  rat i . r  
x Rate of dilution of the B , P  Llcrver systet’! 3f the 

scresain re la t ive  to The throat section C J ~  = S t , f S a  
a 

t3n rtie out ut * intake output shroud:  x = --. 

sidered 

eng a€? output 
PT ( s u b s c r i p t )  T c t a l  pressure of a fluid stream in the plane con- 

ps ’arbienr static pressure 
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Earlier it-asearch showed the intepest  In d i f f u s i o n  w i t h  bqusdary- 
iayar =ontroll by a b l a s t  j e t ;  as yet .Zhe work has Been I n s u f f i c i e n "  i 

3 
20 pemri t  d e f i n i n g  a p r s f f m i n a z y  project with a b l a s t  r o t o r  adapted .$ 

3 

to a gfven'asfssion. The defin-b.9:ion of rotors of the Hiord 5 0 0  air- 
crafr,  in its I.Erst phase (weak d i f f u s i o n )  was e s t a b L i s h e d  from- t h e  
previous ly-obtained RBSU;?SS. 

help Nord-Aviation to d e f i n e  t h e  P h a i e  I1 rotors c o r ~ a s p o n 3 i n g  tu 
c o n s i d e m b l e  d i f f u s i o n  and strong motorization. 

Resea~ch under Cont~a-cr 47P67 will 

A d e t a i l e d  deacsigtian of the  objectives o f  t h e  r.esospch a n d  

z 

5 the elements  acquire3 before fta.start i s  ptteaented in 54. 
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d u c t e d  rotor.  
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fCc v a l u e  ~ u n b e r  = 1.17 was used u f t k  the "ffxed-point" 

t y ~ r  -o:!ci ( e  = 73OJ in d stable cozfiguration, the c c r r c s y c n d i n g  

b,owisg rate being r e ; a t i r e i y  grca:: -s = 2 ~ % .  

Sc Etc atbelr k.anG, tests broug1.t tr, light the necessity fcr: 
--&OSQ~*U~GGS diffuser blow: q withoi l z  ari o b l i q u e  coz.;z- 

nett ( a  t t c h n i q u c  capable of ecsurdng goo2 d i s t r i 2 u e i o n  

of tlosrizig VIS GcsissGZ; 
--the s a y f a c e  nf %he tcllcctar, t h e  arms and the hub tc 

be isl excellent consition; 

alrG the :rrttrest (cn The corrad scait?) tr, place the  blowling slot 

aFproxiaatciy l S o  froi6 t h e  profile tangle of t b e  taF.;ger*t f'3 the 

uertdiar. of the diffuser ax! the r o t t r  a x i s j .  Frior t o  this tiae, 
t_ic &iffuser had to be located 30° fro= zhe profile. 

'ihz lines of action c h o s e n  ax-9, an rhc DI%C hand,  geaera'3. s t u d -  
ips undertaken wirh the follsning goals: 

--pragresaivelp o b t a i n i n g  a corplstrr rathestaofcal model 
of the flaw try operating through facscrasing ccaplexity; 

--seeking solut:oas to the problem o f  feeding t h e  Blow- 
ing s l o t s  on t h s  flight vehicle; 

- - i c e m a s i n g  knowledge of ageration faside the shroud 
aad €E%Q diffusion. 

Or. t h e  zther hand, the! expsriaental s r u d i e s  BFC d e s i g n e d  to: 

- -opt imize  the configuration d e v e l o p e d  in earlier ~ e -  

--datorrins t h e  influence o€ the propeller parameters; 
- - srady  the  possibility of u s i n g  an atrodynaaic gland at  

search; 

t h e  b lad% r i p .  
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The study was broken down i n t o  seven parrs, each cozresyond- 
i n g  tu an o r e f e ~ :  

--Order No. 1, work undertaken beifare contract f iot i f ica-  

0~3ezu. HO. f corresponds to wark carried out  between tbe exgfr- 
ation date  of Contract 8 2 l 6 4  and the noeffication date of Conmact 
27/67. 

This research generaf ly  i n v o l v e s  t h e  preparation of work  
p l a n n e d  within the f u l l  extenli: o f  the, Contrdlct,  s spec f s i ly :  

JJO 
0I.Y --prspararfan o f  aha test serfea bo t h e  Canroes wfad 

t a u n e i  (Order  NQ. 2 ) :  preliminary s t u d y  of  srodfffca- 
tioris of t h e  m o d e l  and astablf&rent of t h e  test program; 

6 



--preparation C-  a fixed-point test series (Order No. 3 ) :  

study of the mcdifications r,f the model, 2esign cf new 

components irnd of the sodifled system; 

--preliminary study of boundary-layer p r G b 1 c a S  and  the 

inteznal operation of the ducted fan. 

5 .2 .  Order No. 2. fourth Test 3er.fes a t  the 
Crrnnes Wjnd funnel [NT 68-Be-7) 

This confirms t h e  r e s u l t s  obsersed 0x1 R larger scale w i t h  a 

motcrrized model ( 9  pr 7 0 0  mm). 

The primaery improvements as6 t h e  folhoufng: 
- -prog-aasive n a a u ~ e  of the diffuser rejoining process. 
This progressiveness B ~ S U P B B L  continuous devalapment 
o f  performances tguumetric dlfPusIcm, v a l u e  numbex-), 

7 



i n d i s p e n s a P : t  for alf apyl~zztions to a &.~ighx vehicle; 
--quality of operation in r h c  presence of L hub. The 

ppestnca of a hub 1eaC.s ' c  d decrease of the value 

number froan 3 . 5  t\; - . 5 %  f m  the diffusers tested at 4 g S ,  

while when t h e  s io t  is 30Q fro@ tbe profile, t h e  dc- 
mease  sf H * ~  is from 19 to 32%; 

- - h c w e r  sensitivity to the natura of the Bolndery  layer- 

When the s l o t  :a 15O from the profile, a r t f f i e i a h  trig- 

t h e  b l o w i n g  rate vas r c i s t i v e l y  g r e s x .  

T h i s  configuration i s  characterized principally by: 
- -a type C A  20  B callactor; 
- -a , i f fuser  blowing slit-Locered lSo from t h a  pcoffla fi 

fangla ~f the tangent PF_? the profile uith the ewfs .e€ 
the e o d e l ) ;  

--a propeller piacect just ~pstrcrlaa of the shroud s l o t .  

? 

t 
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The FcaL of the test series  undertaker!  ur.dcr Contract 2 7 / 6 7  =;I! 
. .  *. * 'S:~JG . U n ~ c i "  ?:;>e aodel. ( 5  2hrca: = 682 mm; see p h o t o ,  ?. 3 5  1 

i s ,  c,- _. one hant, to o p t i c f z e :  

--the geometry of the d i f f u s e r  (Plat- i V ) ;  

--the adjustEent and eode of operation of tiZe prcpelier; 

using the configur-atioc defined above.  On t h e  other hand, the goal  

is r o  study the inf:uente of SO=$ pararetcrs ,  iaciuding: 
--:tic ~ r ~ f i i e  of the hub ! P l a t e  VI; 

--arrificiai triggering of the t rans i t ior ,  on t h e  collecP- 

or; 

for t h e  o p t i m i z e d  configuration, 

opera+ioa in t h e  configuration defined above fczr t h e  "fixed-paint" 
type eodel (bbowing sfit ISo from the profile). 

H@raovc**, zampamtive study of vopioua d i f f u s e r s  h a s  l e d  to 

certain comments: i 

I - - tbe  saxiraua v a l u e  $umbers sbcainpd w i t h  all the d l f -  
€users 8re close eo i.34 2 # *  

--it is preferable t o  chsosc a x l t  5alf-angfer sf 45" 

j i b  $ - < i.2.l.; lmax - 

j r a t b a r  than  40a ; 

--the t h i n  s l o t  (e = 2 . 7  r m )  pepmits obtairing t h e  same 
value number as a wlde s l o t  !e = b . Q  ma), but w i t h  a 

weaker 3louing ray*  { P l a t e  X Y X I i ;  1 - - t h e r e  is a sectioa relatiwe to opt ira l  exit (Plate # X I  

w h i c h ,  for d i f f u s a r s . b 3  -= @ S o  U. t = 2 . 7  ms, fs cl05e 
PO 1.68 (likewise POI- d i f f u s e r  with an evolut:.one1 

profile). The optimal blowing  rate i s  approxirarely 

1 

269 ; 

- - t h e  evolutioaal-profile d i f f u s e r  r e s t e d  yiel+lo r Q s u l t s  
very c l o s e  t o  those obtained # S t b  arzrtlight profiles; 

--the bess dbffcsrr mmt be vury :lore to t h e  diffusar 
w i t h  r a p i d  stcorpraasboa (Plats IY). 
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f i n a l l y ,  t h e  share  of t h e  !.US, wirh fits saae master frame, 
@I 

has l i t t l e  i n f i u z o c e  

hub €or t h e  z c d e i  bcSrr;g t h e  best  (Plate X X S I X ) .  

z h e  performances: F~ 5 3 ,  the initial 
l=a% 

Insofar as the p o s i t i o t a  of the transitioa point oi the csL- 

lector is concerned, teszs have sbowa that an ~ Q v ~ R c ~  of "Le tram- 

sitioacpoint is transiatcc into a relarivclp great lass of perform- 
anc: % = -88 for the most adwaactci posit- ion;  see Plate X X X ) .  

8 ' i sax  
In c a n c i c s i o n ,  ohe best performance obtained in t h e  opriwizcd 

cooflguraticm ?lal = L * Z O  for Cs = 16% c a r r e s p o n d s  t o : '  

--$swnszreaa l i p  "optirrieeb' at @!io 
--e = 2 . 7  am: 
--s3/21 = 1.6.f?; 

--operation = 49 tjsecj 

--adjustsect :: 37O (P/D = 1,648); 
= 2 . 3 9 .  

B 
- -0  

~ h c ~ o  of tne flow viscalized thpough the presence  of oil in 

10 

:he blour. air is p r e s e n t e d  an page 36. 



These nonegraphs represent gsaslctrric dfffusicjr which may be 

obta ined  in an i d e a l  f l u i d  as a function o f  d i f f u s s t .  aperture and 
I e s g r h  (Plate  V I I i .  

§.4,2.-The possibildty of extending the dcParsia8tion of rkese 
streamlines to cases of ax5syamatric three-dibtasional flows ( ~ ~ t a -  

tioaal shroud)  w s  then approacsed (RE 2 0 4 ) .  

!!iffereat m e t h o d s  0 ,  c a l c u l a t i o n  RQY be c o n s i d e r e d :  

- - r h e o e l a c t r i c  celi w i t h  successive approxiasrioes PI- 

o b t a i n  the shape C? z i . t  streamline, only i n  :be z a e  
of irratariona I flow; 

--a resistant network w i t h  successive approxlsazions 
which nay be carrled out  by a hybrid corputar (mall 
computer coupled  with a resistent o s e t w o p k ;  a 1,5OC!- 

channci computer capablts of  solving such  B prubleep 

should be in operation at t h e  end of 1968 a t  the CNRS); 
--use OF triangular mesh with fully nuncrical reso2ut ion 

by a computer sufficiently powerful to absorb the 
approximatbcn culculationa. 

The first two methods &.re f a i r l y  difficult to use and rcqdire, 
in :Re case of a change in configurrtion, 8s much w o r k  86 for the 

i 

1 

I :  i 
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i 
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firs:: cosfigzration; on t h e  ether hand, af ter  eLa5oration and faiyiy 
i r i v c i v t t  adlustmrnt, the numtr-sal method permits tre&t.ne the numer- 
ous calcuiation c a s e s  r a p i d l y  and cconoaicaily, o p t i e i z i n g  the con- /i7 
figurations, et.=, 

S.h.3.-hWnEPPeaf~ € Z D W  of i l ~  asptamteric strrotld was ‘the object 
of a pre2isipary study, A direction of research was esrablfshed: 

- -stage 2 - study of plaak flow w i t h  semi-infinire 
rectilfnear profzles , < t h e  method is p r e s e n t e d  in 
dispatch SIDE3 BE 103); 

--Stage 2 - study e% plane flow w i t h  f i - i r r ,  pecrilinear 
or nonrectilfaear p m f i l e s ;  

--Stage 3 - study of Linasr5zad rhrec-dieeasional flow. 
In tne presano state of affa irs ,  practical app2bcatboos oi 

The i>r incfpal  parcmetess of the shroud of ot clucrad fan w i t h  - 
c i o ~ ~ ~ t r c r r n  d i f f u s i o n  were optirnLxad s x p e r i r e n r e l l y  a t  the Chalabs- 
Reudon tezr stand in several stages:  

--ET 6 / 5 3  and 6 / 6 2  - aodels w i t h  thr-,at diameters 
equal tc 7 0 0  wn (Contact 8 2 t 6 4 J ;  

# f B  - --Hf 68-Bc-5 - model w i t h  throat  diameter equal  eo 

6 8 2  e m  (Contract 1 7 / 5 7 ,  OJrdar no. 2 1 %  

Optimization was obtained by usdtsg a s i n g l e  propalleF d e f i n e d  

in #f € / Q 8 .  

12 
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--the i n f l u e n c e  of rfie nuaber  of blades ( b  arid 6 b i a d e s ) .  

In g e n e r a l ,  t h e  neasurements were made by pro tin^: internal 

?robing in the neighborhoo? of t h e  throat and directiocal p ~ o b i n g  

in t h e  e x i t  plane ( s e e  p h o t o ,  2 - 3 7  > 

The experimtntai fixed-point study of the propcl2e .r  parameters 
made it possb2'e to draw terrain conclusions which must be carefslly 
considered; indeed, the r e d u c e d  number 05 configurations tested d i d  

n o t  peetssi.t separately deteraabaing rhe i a f l u t n c e  of various propel -  

ler parnmcxsis. The canclusicns include the following: 
--the four prapellers tested yielceed very  closC val-ue 

- .  
1 .  numbers: 1.~15 5 W-'ItRax - < 3.20; 

f n  e f tber  case (4-bfebdQ g r o p a l l s - , P s  and it-bfade pro- 

pellsrs 1 ; .~ 

2 0 % ~  t e ~ d s  PO incFease 5-5th  the cz sf operatian; 

:- ' 
. .  --no iastabifity was obser"red, evca w x f h  weak blowing, 

---%he optimal. cosEf5c ien- t  af %iow--iag-, OD t5e osaes- of 

--oprbmal geometric dlffusisn €ram t.he s t a n d p o i o x  of; 
performance fs close to 7 .4 ,  whatever t h e  mpde of 

operiiPfoa and t h e  aGj&tsehe may be; 
--the favorable effect of an it,caaase in t h e  petrfph'eral. 

Reyn-old5 number* very etnsitlve up to Rp = 2 0 0 , 0 0 0 ,  

is mrsioltained up t 3 . a  va:ue s l f g k r l y  g r e a t e r  than 

2 7 0 , 0 0 0  (Plate 1x1; 
--for a given charge a? t h e  d i s k , ' t h a  number of ;lades 

must be chosen  as a f u n c l i o r ,  af @echarzicaJ. and tech- 
noloeical requirements, B n t  3iso i n  51.rch a way that 
the blades  operate at a perigk.e 1 QctysoLds number 
greater than ?.OO,OOO, a6 w e i i  :a .+iz G Cz ci-i;ese to t h e  

Cz of the maximum lift-drag r a t .  !P la te  VIII). 

i.~ 1.;. 
f 

I, 
Practical application of probing i n  eht  neigkborhuckd of the 

throat  and in t h e  d i f f u s e r  exit p l a n e  are p e r t  of t h e  i n v e s t i g a -  
tions ?tnder Urdc Mo. 7 (NT S : - B c - l Q ) .  

J. 3 



The modek c o u l d  be equipped with three ro ta t iona l  & X R P L ;  ( for  
a . C e s c r i p t ~ o n  05 the tncrde;rL, see Pla'te X I :  

- -a referance axit (A); 
--an exit w i t h  a s t m i g b t  meridian cavfry  (€0; 
--an e x i t  with a circular merid ian  cavity ( e ) .  

I4 



i 2 2  The favr,rab;a elements permit hoping to arrive ax e satis- 
-uI 

factory sokution tor err aerodynamic g l a n d  f a v o f i c g  diffusion. For 
this, a s y s t ~ ~ w a t i e  srudy of the v a ~ i o u s  pa'sainnctters w i l :  have  t o  be 

m a d e  .. 
The fi.sdiags J,. Eke course of t h i s  firet,expsrimentaZ study 

can be c.oepased w i t h  those p r e s d n t c d  by HaugeE and Dhanak r?lar i -ve  
Po t h e  f l o w ,  w h i c h  appear t.o be separate w h e n  onc. p i p e  i n v o l v e s  a 

. .  
caviry. 

in t h e  case of B c a v i t y  with a square m e r i d i a n ,  Hauger? and 

Dhanak established t h o  axistehcc of a t-o'rtcx or( rche axis of t h e  
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supplied ky the rotor d r i v i n g  the prop?licr TKO soluTxons art cn- 
-ris;gcd: 

--3ircct use of %he gentrat-r output;  

. 

t - i. 

L. - -..* c -  >. - _  
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t h e  exit plane of the podel. 

Horeover, integration of the values cbtained @<a probing may 
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con?l.Led in the fclloii iag t a b l e .  
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rng to a 450 hal f -ang le  of. aperture. 
. .  

, .  

Plate X X I  p r e s e n t s  the ~ e s u i t s  obtained at Cannes and Chalais- 
EBeudon when the blowing slit is & S o  from t h e  prafi3le. 
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Obaervat iaas 

The prope l l ers  t e s t e d  were calculated' a t  soas?ant circularisa. 
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case or’ the Herd 5 0 0  aircraft);  

--a preliminary ztadg af an a e ~ e i i y s ~ m i ~  gland at the 

blade ti?; 

+-coatinuaPiss of derelopreat of 4 nmtharatical model of 

xhe flow. 

Lxchacges w i t h  #ofd-hviar ioa ind ica te  t&at slBbsequent research 

Frojccts ought to be orPenPed fn the fol lowing directions: 

--analysis and expianation of & i v e r g e n t t ~  between the Pe- 
sults presented i n  this r-po,rr ~ r r J  those found by Sard- 

33 



--extensLon of t l e  results ot7tained in the E;xef-peint 
t a s c  x:?h a slight posftivr or negative fransitian, rep- 
r e s e a t i n g  t a k e c f f  or landing of a YTOt aircraft; 

._ 
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APPEND1 x .> 
* 

L I S T  OF TECHRICAL REPORTS ESTABLISHED UNDER CONTRACT 27./67 

*-fT 58-Bc-8 ' 

O r d e r  EO. 7 

ST 38-Be-17 
Order No. 7 

- Ducted ?arks with Downstfieam B.lff$sion.  R n a l y s i s  of 
fntextnal  5pextati-m and Fixed-Point Free D i f f u s i o n  
from ExperiBzntaf  Tirrd'ags. 
E3 Chezlevrarm , 

- Ducted Tans wzrh Downstream D i f f u s i o n .  6 = 6 8 2  ma 
"Wind Tunnel" Type WodeP, Critical S'?trdv of Per- 
forlarances * 
g .  I,t?fsvre. 

- Ducted Tans w i t h  Downstream Diffusian, Zasrrac t  
, DRHE 27/67. Digest Report 

3. C h s z l e p r e t f e ,  

39 
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OF THE S t U D Y  

The s t u d y  c o n d u c t e d  u n d e r  C o n t r a c t  2 7 / 6 7  i n  c o l l a b o r a t i o n  w i t h  

N o r d - A v i a t i o n  i n v o l v e d  t h e  i n v e s t i g a t i o n  o f  h i g h  e f f i c i e n c i e s  o f  

r e l a t i v e l y  s h o r t  d u c t e d  r o t o r s  i n  t h e  p r e s e n c e  of c o n s i d e r a b l e  down- 

stream d i f f u s i o n .  I t  f o l l o w e d  t h e  work u n d e r  C o n t r a c t  8 2 / 6 4 .  

Theory of t h e  Ducted R o t o r  v i t h  D i f f u s i o n  

The t h r u s t  o f  an  e n g i n e  i s  d e t e r m i n e d  by t h e  f l o w  i n  t h e  down- 

s t r e a m  s e c t i o n  o f  t h e  j e t ;  t h e  s p e c i f i c  t h r u s t  T/W ( r a t i o  o f  t h r u s t  

T t o  a v a i l a b l e  power W )  i s  a l l  t h e  g r e a t e r  a s  t h e  f i n a l  e x h a u s t  ve -  

l o c i t y  n e a r s  t h e  s p e e d  of t r a n s f e r  o f  t h e  e n g i n e .  
c 

T h e r e f o r e ,  t h e r e  is i n t e r e s t  i n  i n c r e a s i n g  t h e  downst ream s e c -  

t i o n  o f  t h e  j e t ;  t h i s  c a n  b e  a c c o m p l i s h e d  u s i n g  a d u c t e d  f a n  w i t h  

d i f f u s i o n  w h i l e ,  i n  c o n t r a s t ,  t h e  j e t  b e h i n d  a f r e e  p r o p e l l e r  i s  

c i o s e d .  

i 

! 

- downst ream s e c t i o n  
'8 - p r o p e i l e r  s e c t i o n  

"& = s 

F r e e  p r o p e l l e i  
( f i x e d - p o i n t )  

I I 
Ducted  f a n  w i t h o u t  Ductad  f a n  with 

d i  ff  us i o n  d i f f u s i o n  .~ 

I n  f a c t ,  o b t a i n i n g  s i g n i f i c a n t  d i f f u s i o n  makes f t  n e c e s s a r y  t o  
combat t h e  t e n d e n c y  toward  s e p a r a t i o n  o f  t h e  f l o w  on t h e  d i f f u s e r  

wall i n  t h e  p r e s e n c e  of- a boundary  l a y e r .  The d i f f u s i o n  1s worth-  
w h i l e  o n l y  i f  i t  c a n  b e  o b t a i n e d  e c o n o m i c a l l y .  

64 
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( b )  O R I E N T A T I O N  G I V E  B Y  D R M E  

Ducted r o t o r s  w i t h  downst ream d i f f u s i o n  a r e  d e s i g n e d  t o  s u p p o r t  

/ 2  
I 

and p r o p e l  VTOL a i r c r a f t  e c o n o m i c a l l y ,  as w e l l  a s  f o r  s u p p o r t i n g  

p l a t f o r m s  ( r a d a r  m o u n t i n g s ,  a n t i - s u b m a r i n e  warfare s y s t e m s ,  e t c . ) .  

The n o r m a l  end  r e s u l t  o f  t h e  r e s e a r c h  p r o j e c t s  e n t r u s t e d  t o  

t h e  S o c i & t i  B e r t i n  i s  t o  t r a n s f e r  t h e  r e s u l t s  and  knowledge  a c q u i r e d  

t o  a f i r m  which h a s  t h e  i n d u s t r i a l  means t o  c o n s t r u c t  t h e s e  t e s t  

m o d e l s ,  and t h e n  o p e r a t i o n z l  v e h i c l e s .  

(c) C H R O N O L O G Y  OF T H E  O P E R A T I O N S  

C o n t r a c t  27 /67  was c o n f i r m e d  on J u n e  2 3 ,  1967 .  

- - June  67 t o  December 67: 

* p r e p a r a t i o n  o f  t h e  work and  m o d i f i c a t i o n  o f  t h e  mode l s ;  

* t h e o r e t i c a l  s t u d y  o f  f + - x e d - p o i n t  d i f f u s i o n  i n  two- 

d i m e n s i o n a l  f l o w .  

--November-December 68 :  

* f i x e d - p o i n t  o p t i m i z a t i o n  t e s t s  on a Cp = 700 mm model  a t  
Chalais-Meudon 

- - J a n u a r y  68: 

* t e s t s  on a Cp = 285 mm model a t  t h e  Cannes wind t u n n e l .  

- - January-March  68: 

* f i x e d - p o i n t  e x p e r i m e n t a l  s t u d y  of t h e  p r o p e l l e r  on a 

Cp = 7 0 0  mm model a t  Chala i s -Meudon,  

- - F e b r u a r y  68: 

' t e s t s  of  an  ae rodynamic  g l a n d  a t  t h e  b l a d e  t i p  on a 

4 = 4 0 0  mm model a t  t h e  f i x e d - p o i n t  t e s t  s t a n d  i n  
S a i n t - C y r .  

- - J a u a r y - J u l y  68:  

* t h e o r e t i c a l  s t u d i e s ,  p r a c t i c a l  a p p l i c a t i o n  and  v a r i o u s  

s t u d i e s .  

- - J u l y - O c t o b e r  68:  

- d i g e s t  report on t h e  r e s e a r c h .  

65 
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( d )  S I T U A T I O N  AT THE B E G I N N I N G  OF THE CONTRACT 
AND O B J E C T I V E S  OF THE RESEARCH 

S t u d i e s  c a r r i e d  o u t  by  t h e  Soci6-t; Bert i r i  b e f o r e  O c t o b e r  1 9 6 2  

had  made i t  p o s s i b l e  t o  a p p r o x i m a t e l y  d e f i n e  an  i n t e r e s t i n g  b a s e  

s y s t e m .  

The s o l u t i o n  k e p t  i n v o l v e s  a s h r o u d  d e f i n e d  b y  a r h e o e l e c t r i c  

c e l l  c a p a b l e  o f  e n s u r i n g  a c c e l e r a t i o n  i n  t h e  b o u n d a r y  l a y e r s  as far  

downstream as p o s s i b l e  up t o  a b l o w i n g  slot w i t h  a s h L : * t ,  wide-open  

d i f f u s e r  ( h a l f - a n g l e  45O). 
_ .  

- 
P r o m i s i c g  r e s u l t s  h a d  b e e n  o b t a i n e d .  i n  t h e  f i x e d - p o i n t  c a s e  on 

a small s c a l e ,  C o n t r a c t  82 /64  ( O c t o b e r  1 9 6 2 - F e b r u a r y  1 9 6 7 )  made i-t: 

p o s s i b l e  t o  p e r f e c t  models  on a no rma l  s c a l e ,  t o  e x t e n d  t h e  s t u d y  

o f  t h e  i n f l u e n c e  o f  v a r i o u s  p a r a m e t e r s ,  t o  c a r r y  o u t  t e s t s  b y  t r a n s -  

l a t i o n  and b y  o b l i q u e  i n c i d e n c e ,  t o  d e v e l o p  s t u d i e s  of  t h e  s h r o u d  

u s i n g  an a n a l o g i c a l  method and  t o  u n d e r t a k e  t h e o r e t i c a l  s t u d i e s .  

The o b j e c t i v e s  o f  C o n t r a c t  27/67 were  t o  p u r s u e  a c o u r s e  f o r  

p e r f e c t i n g  s h o r t  d i f f u s i o n  b e h i n d  a d u c t e d  f a n .  The l i n e s  o f  a c t i o n  

c h o s e n  were  t h e  f o l l o w i n g :  

- - p r o g r e s s i v e  deve lopmen t  o f  a c o m p l e t e  m a t h e m a t i c a l  model  

a f  t h e  f low by  o p e r a t i n g  t h r o u g h  i n c r e a s i n g  c o m p l e x i t y ;  

- - r e s e a r c h  o f  so lu - t ions  t o  t h e  pFoblem o f  f e e d i n g  t h e  

b l o w i n g  s % c t s  on a f l i g h t  v e h i c l e ;  

6 6  
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- - e x t e n s i o n  o f  knowledge r e l a t i v e  t o  i n t e r n a l  o p e r a t i o n  

and f r e e  d i f f u s i o n ;  

- - o p t i m i z a t i o n  o f  t h e  c o n f i g u r a t i o n  d e v e l o p e d  i n  e a r l i e r  

r e s e a r c h ;  

- - d e t e r m f n a t i o n  o f  t h e  i n f l u e n c e  o f  p r o p e l l e r ,  p a r a m e t e r s ;  

- - s t u d y  o f  a n  a e r o d y n a m i c  g l w d  a t  t h e  b l a d e  t i p  b a s e d  on 

t h e  r o t a t i o n  o f  a v o r t e x  i n  a c a v i t y  l o c a t e d  t o  t h e  

r i g h t  o f  t h e  b l a d e s  t o  p e r m i t  e l i m i n a t i n g  t h e  p rob lem 

of p l a y  a t  t h e  b l a d e  t i p .  

( e )  DEVELOPMENT O F  THE STUDY 

T h e  s t u d y  was b r o k e n  down i n t o  s e v e n  p a r t s :  

- r e p a r a t o r y  work; 

t e s t  s e r i e s  a t  t h e  Cannes wind t u n n e l  on a $J 2 8 5  

mm model ;  

f i x e d - p o i n t  t e s t s  on a $J = 7 0 0  tnm model  a t  C h i l a i s -  

Meudon ( o p t i m i z a t i o n ) ;  

t h e o r e t i c a l  s t u d i e s  ( s t r e a m l i n e s  i n  t w o - d i m e n s i o n a l  

f l o w ,  asymmetric s h r o u d ,  work p l a n  f o r  o b t a i n i n g  a 

c o m p l e t e  m a t h e m a t i c a l  m o d e l ) ;  

f i x e d - p o i n t  e x p e r i m e n t a l  s t u d y  of t h e  p r o p e l l e r  F-- 
r a m e t e r s  on a (I = 7 0 0  mm model a t  Chala i s -Meudon;  

e x p e r i m e n t a l  s t u d y  o f  an ae rodynamic  g l a n d  a t  t h e  

b l a d e  t i p ;  

vaylious s t u d i e s  ( f e e d i n g  t h e  s l o t s  on an  a i r c r a f t ,  
c r i t i c a l  s t u d y  o f  p e r f o r m a n c e s ,  a n a l y s i s  o f  i n t e r n a l  

o p e r a t i o n ,  s y n t h e s i s  o f  t h e  p r o j e c t s ) .  

( f )  RESiJLTS AT THE E N D  O F  THE STUDY 
! 

The t o t a l  pe - fo rmance  o b t a i n e d  i n  t h e  f i x e d - p o i n t  c a s e  ( M ' 1  Z, 

v a l u e  number) was s l i g h t l y  improved  r e 3 . a t i v e  t o  e a r l i e r  r e s u l t 8  
( M ' 1  = 1 . 2 0  i n s t e a d  o f  l , L 7 ) ,  and t h e  c o r r e s p o n d i n g  b l o w i n g  r a t e  
was e s s e n t i a l l y  r e d u c e d  (Cs 2: 1 6 %  i n s t e a d  of 2 4 % ) .  



Comparison w i t h  t h e  c o r r e s p o n d i n g  v a l u e s  o f  a d u c t e d  f a n  w i t h -  

o u t  d i f f u s i o n  or o f  a f r e e  p r o p e l l e r  i s  m e a n i v g f u l .  

Ducted Fan 
w i t h  D i f f u s i o n  

Ducted Fan 

0 = 2 . 4  M ' 1  = 1 . 2 0  g Rea l  PerfoLtmance 

I d e a l  P, l r formance M . 1  = 1 O g  = 1 

The s t u d y  o f  t h e  i n f l u e n c e  of  v a r i o u s  p a r a m e t e r s  on p e r f o r m -  

a n c e  was d e v e l o p e d .  I n  p a t i c u l a r ,  p r o p e l l e r  t e s t s  shownd t h a t  t h e  

c h o i c e  o f  p r o p e l l e r  p a r a m e t e r s  c o n s i d e r a b l y  a f f e c t e d  t o t a l  Fe r fo rm-  

a n c 3  a l t h o i g h  t o  a l i m i t e d  e x t e n t .  

w i t h o u t  D i f f u s i o n  Rea l  P e r f o r m a n c e  

P r o b i n g  i n  t h e  d i f f u s e r  e x i t  p l a n e  made i t  p o s s i b l e  t o  e s -  

t a b l t s h  t h a t  most  o f  t h e  b l o w i n g  e n e r g y  (s 7 0 % )  was d i s s i p a t e d  b e -  

tween  t h e  s l o t  and  t h e  e x i t  p l a n e .  

E t l  = 0 . 8 5  I 

/ 7  The p r e l i m i n a r y  p r o j a c t  for i n s t a l l a t i o n  o f  a c o m p r e s s o r -  I 
pump s y s t e m  on a Nord 5 0 0  a i r c r a f t  showed t h a t  t h e  p r e d i c t e d  g a i n  

i n  l o a d  c o r r e s p o n d e d  t c  a p p r o x i m a t e l y  2 2 %  o f  t h e  u n l o a d e d  w e i g h t  3f 

t h e  a i r c i - a f t  , 

T e s t s  o f  an ae rodynamic  g l a n d  a t  t h e  b l a d e  t i p  d e m o n s t r a t e d  

t h e  r o t a t i o n  o f  a v o r t e x  i n  t h e  c a v i t y  l o c a t e d  t o  t h e  r i g h t  o f  t h e  

b l a z e s  a n d  a c e r t c i n  d e g r e e  o f  r e g e n e r a t i o n  o f  t h e  b o u n d a r y  l a y e r s .  

( 9 )  C O N C L U S I O N S - - F I N A L  P E R S P E C T I V E S  

The body o f  p r o g r e s s i v e l y - c b t a i n e d  r e s u l t s  is Large  and  e n -  
c o u r a g i n g .  The v e r y  i n t e r e s t i c g  v a l u e  o f  t h e  v a l u e  number r e a l i z e d  

i n  t h e  f i x e d - p o i n t  case ( M ' 1  = 1 . 2 )  w i l l  b e  d i f f i c u l t  t o  exceer l .  

Exchanges of o p i n i o n  w i t h  Nord -Avia t ion  i i - d i c a t e  t h a t  s u b s o -  

q u e n t  r e s e a r c h  c d g h t  t o  b e  o r i e n t e d  i n  t h e  f o l l o w i n g  d i r e c t i o n s :  
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a n a l y s i s  and  e x p l a n a t i  of d i v e r g e n c e s  be tween t h e  r e s u l t s  

p r e s e n t e d  i n  NT 68-Bc-1'? and t h o s e  o b t a i n e d  by Nord -Avia t ion  

u s i n g  a s i m i l a r  c o n f i g u r a t i o n ;  

e x t e n s i o n  of t h e  f i n d i n g s  f rom € i x e d - p o i n t  t o  t r a n s l a t i o n ;  

I 

- -.. 

5 
t 
f 

i n c r e a s e  o f  d i s k  power and  s t u d y  o f  t h e  e f f e c t s  due  t o  com- 

p r e s s i b i l j t y  o f  t h e  a i r  for s t r o n g l y  m o t o r i z e d  r o t o r s  (5300  

t o  1000  k U / m 2 ) ;  

t r a n s p o s i t i o n  o f  l a b o r a t o r y  f i n d i n g s  t o  a i r c r a f t  rotors; 

a n a l y b i s  of  s o n i c  phenomena. 
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